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The BN is guarded against overfitting using k-fold cross 
validation. 
Results:  BNs representing the biophysical relationships 
before and during the course of radiotherapy behind the 
radiation outcomes are identified and designated as 
“biophysical BNs’’.  They can be adjusted to “practical BNs” 
for adaptive therapy purposes, with a possibility of minor 
compromise of estimated prediction power.  Given a 
patient’s pretreatment data, an appropriate treatment plan 
can be chosen from a practical BN to control the tumor and 
keep the radiation toxicities under a certain level.  When the 
patient’s during treatment information is available, the 
planned dose can be adjusted in the BN according to his/her 
responses, to better control tumor without increasing the 
chance of the complication.  Cross validation is employed to 
measure the prediction power of the BNs.  For example, 
while the performance of a pretreatment BN to predict 
radiation pneumonitis ≥G2 is 0.80 with 95% CI: 0.69-0.90 
based on 2000 stratified bootstrap replicates, the AUC of the 
BN with patients’ responses during radiotherapy can reach 
0.84 (95% CI: 0.78-0.92). 
Conclusions:  We developed clinically practical systems to 
predict the radiation outcomes in NSCLC patients before and 
during the course of radiation treatment based on 
retrospective data.  The prediction performance of the BN 
improves by incorporating during treatment information.  Our 
approach can handle high dimensional predictors and can be 
an important component of decision support for personalized 
adaptive radiation treatment.  However, it still needs to be 
validated in external independent data. 
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Purpose: The interest in particle therapy is growing 
worldwide with clinical applications focused on protons and 
carbon ion beams. Moreover, at the Heidelberg Ion Beam 
Therapy Center, helium and oxygen ions are available for 
research purposes with an active scanning beam delivery 
system. While most of the planning studies comparing these 
four ions are based on non-experimentally validated 
calculations, this work is focused on the basic experimental 
dosimetric characterizations and comparisons of these ions at 
the same facility. 
Material/methods: Laterally integrated depth-dose 
distributions of pencil-like beams, for 10 different energies in 
the therapeutic range have been experimentally studied, 
with a range in water similar for every ion. Several 
parameters were evaluated, as the range, the entrance-to-
peak ratio, the width of the Bragg peak, the distal fall-off 
and the tail-to-peak ratio, and this with and without ripple 
filter (used to broaden the pristine peaks). The 
measurements were performed using a water column, by 
delivering quasi-monoenergetic pencil-like beams on the 
central axis. 
The lateral dose profiles of these ions, at low, middle and 
high beam energy, were investigated at different depths in 
water (without ripple filter). Along with the acquisition of 
these data, a double-Gaussian parametrization was 
performed and the evolution of its components along the 
depth in water was examined. The measurements have been 
done in a water tank coupled with 24 motor-driven PinPoint 
ionization chambers by delivering a vertically scanned beam. 
Results: For the depth-dose characterization, the evolution 
of the investigated parameters presents a different behavior 
depending on the energy, the ion and the presence or not of 
ripple filter. Helium ions present interesting intermediate 
characteristics with a distal fall-off smaller than protons and 
a reduce fragmentation tail compare to heavier ions. These 
characteristics suggest different advantages and/or 
drawbacks for the ions depending on the situation, and a 
compromise among them has to be found for later treatment 
planning. 
The lateral profiles and their double Gaussian 
parametrizations present net advantages of the heavy ions 
compared to protons with intermediate results for helium 
ions. 
Conclusions: Our experimental results indicate that helium 
ions could be a good candidate for further particle therapy 
improvements, with intermediate properties between the 
clinically used proton and carbon ions. The main features are 
the favorable physical characteristics, especially a smaller 
lateral scattering than protons and a very low tail-to-peak 
ratio compared to carbon ions. This study was used to create 
the first helium ions database, allowing biological 
experiments needed to ensure proper treatment planning and 
future fair comparisons for planning studies between the 
ions. 
We acknowledge funding from DFG (KFO 
Schwerionentherapie 214). 
 
 
Figure 1: Measured Bragg peaks (symbols) and their 
interpolation (lines), normalized to maximum and to the 
peak position, for a range in water of ~15cm.  
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Over the last decades, survival rates for most cancer patients 
have only marginally increased. One reason for the limited 
decline in this death rate is the lack of effective treatment 
strategies especially in advanced cancers. In oncology 
research, drug development processes have proven to be very 
inefficient and this has been partly attributed to the lack of 
adequate preclinical testing modalities. Research in our lab is 
specifically focused on lung and brain cancer, both amongst 
the most malignant and difficult to treat neoplasms with very 
poor overall 5-year survival rates. In advanced disease most 
patients receive chemo- and radiotherapy (CRT), but 
response to treatment is generally poor with only minimal 
effects on survival while decreasing the patients’ quality of 
life. Tumors almost invariably recur or are intrinsically 
resistant to chemotherapy. Improvement of tumor control at 
primary and distant locations is compulsory. The goal of our 
research is to identify novel treatment combinations that will 
result in improved outcome for patients with advanced lung 
or brain malignancies. 
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We have established reliable 3D MCTS system and used it to 
show proof-of-principle for identification of more efficacious 
promising treatment [1]. In order to test these strategies, 
clinically relevant tumor models are essential. In our lab we 
have set up orthotopic glioma [2] and NSCLC models in mice. 
Injection of tumor cells into the organ of origin allows for 
organotypical interaction between the tumor cells and the 
surrounding stroma. Such models replicate human disease 
with high fidelity and are highly suitable for evaluation of 
therapy response.  
Tumors were monitored using cone beam computed 
tomography (microCBCT) imaging using a small animal micro-
irradiator (SmART) and microCBCT was correlated with 
bioluminescence (BLI), to detect the tumor as early as 
possible and follow-up tumor growth. In addition to tumor 
growth monitoring, data on the implementation and of a 
small animal irradiation treatment planning software 
(SmART-Plan) in these orthotopic models will be presented. 
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Monte   Carlo   simulations   play   a key role in research and 
development of positron emission tomography devices as it 
provides a flexible method to evaluate alternative prototypes 
and scenarios, minimizing both the development cost and 
time. 
In this work we present a new PET-dedicated Monte Carlo 
tool based on FLUKA [1, 2].  This latter is a multi-purpose 
particle physics code for calculations of particle transport 
and interaction with matter. It is used in a wide range of 
applications in high energy experimental physics and 
engineering including accelerator driven systems, shielding, 
detector or target design, neutrino physics, dosimetry, 
activation and medical physics etc. 
The new tool has been implemented on FLAIR [3, 4] the GUI 
of FLUKA which makes it is an easy-to-use application 
allowing comprehensive simulations of PET systems within 
FLUKA. 
The developed tools include a PET scanner geometry builder 
and a dedicated scoring routine for coincident event 
determination. The geometry builder allows efficient 
construction of PET scanners with nearly arbitrary 
parameters. We also present recent medically-oriented 
developments for FLAIR, which allows to import DICOM files 
and convert them into FLUKA voxel geometry or into a 
density map of radioactive isotopes, which could be 
employed as a source in a convenient way. The coincidence 
events from the scoring can be saved in standard output 
formats, including list mode and binary sinograms. Such 
coincidence events can be further 2D- or 3D-reconstructed 
using Filtered back-projection (FBP) or Maximum Likelihood 
Expectation Maximization (MLEM) algorithms [5]. In the MLEM 
method, the user can specify the size of the voxel as well as 
the size of the reconstructed image. Another source of 
flexibility is the possibility of adding new functionalities: a 
user can write a Python, C++ and FORTRAN routine and add it 
to FLAIR. 
The objective of this work is to validate the FLUKA 
simulations of a Preclinical PET Focus 220 scanner [6]. FLUKA 
results are compared to experimental data obtained 
according to the National Electrical Manufacturers 
Association (NEMA) NU2-2008 standards [7]. A detailed 
implementation of the geometrical and functional models of 
the scanners and the NEMA phantoms was conducted, 
allowing the evaluation of the simulated absolute sensitivity, 
spatial resolution and count rates. In order to evaluate the 
image quality, a cylindrical phantom with four 1 cm diameter 
inserts was used to measure the contrast recovering. Good 
agreement was found between the simulated results and the 
measured data. This validation study represents an important 
step towards the use of FLUKA as an aid for the optimization 
of the current acquisition protocols and the validation of 
reconstruction and data correction techniques. 
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Purpose: The estimation of the distribution patterns of 
energy and dose in respiratory-induced organ motion 
represents a technical challenge for hadron therapy 
treatment planning, notably in the case of lung cancer in 
which many difficulties arose, like tissue densities variation 
and the tumor position shifting during breathing. This study 
focuses on the comparison between deformable tetrahedral 
meshes and voxel-based structures used as computational 
phantoms in four-dimensional dose calculations. The former 
use a continuous representation of tissue densities by 
respecting mass conservation principle, while the latter is a 
discrete grid of density values (CT-scan).  
Methods: The movement used to simulate breathing is 
generated with deformable image registration (DIR) of CT 
images (Castillo, 2010) (Klein, 2010) (Shamonin, 2013). Tissue 
tracking for tetrahedral model is implicitly performed by the 
fact that the meshes maintain their topology during 
